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Received 11 January 2005; accepted 23 May 2005AbstractDuring the 20th century many ﬂoods of different intensity and extent have occurred on the Odra River and its
tributaries. On the basis of long-term water level observations ﬁve major ﬂoods, that affected the entire upper and
middle Odra River basin, were chosen for further analysis: June 1902, July 1903, August 1977, August 1985 and July
1997. However, hazardous ﬂoods were not only those that covered the whole upper and middle Odra River basin, so
several local ﬂoods were also studied. Detailed historical analysis was made of meteorological conditions, with special
emphasis on precipitation patterns and amounts. Then, on the basis of ﬂood peak time occurrence, the stages of ﬂood
wave formation were formulated. The natural ﬂood wave of the Odra River is often modiﬁed by hydro-technical
infrastructure, the development and improvement of which is brieﬂy described in this paper. In conclusion, a
comparison of ﬂood wave characteristics such as rising time, falling time, duration, peak ﬂow and volume is presented.
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During the 736 years analyzed (1118–1834), the Odra
River, its tributaries together with the rivers of western
and southern Europe, suffered 90 ﬂoods of different
intensities and ranges. The analysis of the frequency of
ﬂood occurrence indicates that 44.5% of ﬂoods of the
investigated data set occurred in a 1 or 2 year period
after a major ﬂood, and 20% after 3 and 5 years. The
frequency of ﬂoods that occurred at time intervals from
21 to 60 years was small and oscillated between 2% and
3%. No pattern was found that indicated that ﬂoods
occurred after longer periods without ﬂoods. The majore front matter r 2005 Elsevier GmbH. All rights reserved.
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ess: Kinga_stronska@imgw.pl (K. Stron´ska).ﬂoods occurred in groups with 1 or 2 year intervals e.g.:
1220, 1221; 1444, 1445; 1451, 1453, 1454; 1462, 1464,
1468; 1495, 1496; 1571, 1572; 1583; 1586; 1598, 1599;
1729; 1736. Most of these ﬂoods are described in
chronicles as long-lasting ‘‘great ﬂoods’’ or ‘‘great
overﬂows’’ (Girgus´ & Strupczewski, 1965). Floods
described by chronicles as ‘‘great overﬂow of river’’ or
‘‘great ﬂood’’ also occurred as single events at different
time intervals e.g.: 1118, 1270, 1310, 1543, 1736, 1785,
1813, 1829 and 1854.
The analysis of information provided in chronicles
indicated that ﬂoods in the Odra River basin in the
period from 1813 to 1855 happened as a result of high
waters on the upper Odra and the Odra tributaries, such
as the Nysa Klodzka, the Bobr and the Nysa Luzycka.
From 1856 to 1879 no signiﬁcant summer ﬂoods
occurred on the Odra River itself, but hazardous ﬂoods
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Fig. 1. Warm season high waters in the period of 1946–2001 for Trestno gauge on the Odra River.
A. Dubicki et al. / Limnologica 35 (2005) 123–131124occurred on its tributaries; in the basins of the Nysa
Klodzka, the Bobr, the Kwisa and the Nysa Luzycka.
Documented information is available from the begin-
ning of 19th century only. According these materials the
great ﬂoods on the Odra River and its tributaries
occurred quite often, among others in 1813, 1829, 1854,
1880, 1902, 1903 and also in 1958, 1965, 1970, 1972,
1977, 1981, 1985, while the greatest ﬂood occurred in
1997 (Bachman, 1903; Dubicki, 1972, 1975, 1979, 1988;
Fischer, 1905/07; G"owicki, 1979).
In the period from 1945 to 2004, high waters on the
Odra River and on most of its tributaries were often
observed in the summer season as well as in winter
(excluding years from 1986 to 1996 and from 1998 to
2004). The longest period without ﬂoods on the Odra
River was 12 years; from 1985 to the great ﬂood in 1997
(Fig. 1). On the Odra’s tributaries such periods were
observed from 1987 to 1997, from 1948 to 1956 and
from 1986 to 1993.
The occurrence of ﬂood hazard and ﬂood events
depends on many inter-related hydro-meteorological
and morphological factors i.e.: relief, forest cover,
agricultural land use, soil moisture, river bed storage,
and primarily the spatial distribution and volume of
precipitation together with surface runoff from the river
basin. The morphological system of the upper and
middle Odra river basin is divided into four regions: the
Carpathian Mountains, the Sudety Mountains, Sudety
Piedmont and the Silesian Lowland. The Odra divides
this area in two; the right hand side which is of lowland
character and left hand side which is mountainous and
hilly (Dubicki, 1993). The hypsometrical diversity in theOdra River basin is considerable and ranges from 112 to
1603m above sea level. Rivers on the left bank of the
middle Odra River basin ﬂow from the areas of the
Sudety Mountains and Sudety Piedmont. On the right
bank of the river basin, rivers ﬂowing out from lowlands
and uplands of Polish Midlands dominate. Valleys with
signiﬁcant slopes (12–20%) are typical of these areas.
The Odra River and most of its tributaries in the upper
courses have slopes characteristic of mountainous rivers.
In such conditions, in case of intensive rainfall, surface
ﬂow starts 3–8 h after rain begins.
To ﬁnd the answer to the question ‘‘when and under
what circumstances can ﬂoods occur?’’ much analysis and
research has been done. The research covered, among
other things, topographical conditions with special
consideration of slopes and surface runoff direction. It
was stated that concentric runoff, which takes place in
intermountain valleys, is the most signiﬁcant factor that
leads to accumulation of runoff. The amount of runoff
also depends on soil moisture, which is connected with
precipitation that took place before the critical rainfall.
Research has shown that precipitation 10–15 days before
the critical rainfall does not have an impact. However,
precipitation has signiﬁcant inﬂuence 1, 2 or 3 days
before a high water event. Forest cover does not have a
big inﬂuence on ﬂood magnitude. In case of heavy
rainfall that lasts 4–5 days, the highest rainfall totals
occur in the forest (‘‘combing out’’ effect). Agricultural
land use is likewise of no signiﬁcant importance. The
most important issues are, however, high precipitation
and time distribution of rainfall. It is important which
phase of rainfall has the highest precipitation. As has
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occur when the highest rainfall intensity is observed in the
ﬁnal phase of the event, e.g. the ﬂood in 1897 (Or"owska,
1979). Hydraulic structures and the ﬁlling of the main
river bed by tributary ﬂood waves subsequently consti-
tute important factors in ﬂood wave formation on big
rivers such as the Odra.Fig. 2. Factors favourable to ﬂoods in the Odra River basin.Impact of physical-geographical and circulation
parameters in shaping outﬂow and ﬂood
conditions
The complex physical-geographical system, together
with the direction and velocity of the humid air mass
inﬂow, contribute to the occurrence of high and
intensive precipitation.
The topographical barrier created by the Sudety
Mountains and the BeskidyMountains plays an important
role in the precipitation formation process (Dubicki, 2000).
The humid air masses pile up on the windward slopes of
these mountain ranges which speeds up condensation and
increases the amount of precipitation.
The rainfall ﬁeld does not always cover the whole river
basin of the upper and middle Odra River, it may cover a
part only. The local ﬂoods appear then in the Odra
tributary catchments, such as the Nysa Klodzka, the
Bobr and the Nysa Luzycka. The main reasons for these
ﬂoods are the high and intensive precipitation connected
with low pressure areas and atmospheric fronts.
The European cyclone routes and the characteristic
weather types connected with them were marked by
numbers from I to V by Van Bebber in 1891 (Lambor,
1962). It was conﬁrmed that heavy precipitation in the
Sudety and Karpaty Mountains is related to type V of
weather and track V b; when the low pressure centre
from Hungarian Lowland brings warm and humid
tropical air masses to Poland, which in contact with cold
and humid arctic masses from the North-West and the
North, consequently provide heavy precipitation in
summer. A low pressure route, similar to track Vb,
was observed in July 1903, August 1925, in summer 1970
and 1977, and to some extent also in July 1997.
A concentric runoff system causes discharge accumu-
lation in the Odra River basin in the following
intermountain valleys: Upper Odra (in the Czech
Republic), Raciborz, Klodzko and Jelenia Gora (Fig. 2).
Catchment retention, which is a function of precipita-
tion amount that occurred from 5 to 10 days before
critical rainfall, is another very important factor causing
an increase in discharge. The catchment retention index
for the Sudety Mountains varied from 0.01 to 4.00
(Lambor, 1962). Research has shown that 60mm of
rainfall in 24 h may not produce any discharge in the
case of a low catchment retention index. The state of thecatchment retention is as signiﬁcant in determining the
volume and the ﬂood wave level that, even during high
precipitation and small basin saturation (e.g. index 1),
the discharge may amount to only one third of the
precipitation amount. The average values of runoff
coefﬁcients for the upper Odra River and most of
Sudety tributaries, resulting from the runoff to pre-
cipitation ratio, varied from 0.25 to 0.40, while the
maximum values varied from 0.56 to 0.73. The ﬂood of
July 1997 was an exception; precipitation was very high
and intense and the runoff coefﬁcients oscillated
between 0.40 and 0.96.
Flood hazard also increases when the main river bed
ﬁlls up with water from tributaries before the rising
stage on the main river starts. During August 1985,
there was no high water on the middle Odra tributaries,
so the ﬂood wave ﬂattened completely in the middle and
lower Odra River.Spatial distribution and amount of rainfall
Intensive precipitation caused the greatest summer
ﬂoods on the Odra River and its tributaries in 1902,
1903, 1977, 1985 and 1997.
In June 1902, high precipitation occurred in three
periods which mainly covered the upper Odra River
basin and the right hand side of the Nysa Klodzka
basin. The highest precipitation amounts (from 110 to
290mm and from 155 to 200mm) were noted in the
upper Odra River basin, both in the Czech Republic and
in Poland. On the remaining part of the Odra
catchment, rainfall totals varied from 75 to 220mm.
In the upper Odra River basin and the Nysa Klodzka
catchment, 2-day precipitation totals (from 10 to 11 of
July 1903) reached values which exceeded twofold the
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Fig. 3. Spatial distribution of rainfall – totals for the period of
4/5–8/9.VII.1997.
A. Dubicki et al. / Limnologica 35 (2005) 123–131126monthly local precipitation totals. In the Odra tributary
catchments, 2-day precipitation totals varied signiﬁ-
cantly. In the Ostrawica and the Olza catchments from
188.2 to 263.5mm; in the Opawa catchment from 278.9
to 312.7mm; in the Osobloga catchment from 152.2 to
227.0mm; in the Biala Ladecka catchment from 180.0 to
243.5mm and in the Biala Glucholaska catchment from
220.0 to 318.0mm.
In August 1977, two periods of intensive rainfall
occurred. Both covered the whole area of the upper and
middle Odra River basin. Daily precipitation totals
exceeded 100mm on many stations and varied from 149
to 191mm (Dubicki, 1979). In the Central Sudety
Mountains the precipitation totals were of the range of
263.3–345.6mm, in particular in the Bobr catchment
and the Kaczawa catchment (G"owicki, 1979), while in
Western Beskidy Mountains they reached values up to
260.0mm.
In August 1985, the greatest concentration of 5-day
precipitation occurred in the upper Odra River basin
and the Barycz catchment. The highest daily precipita-
tions of 137.7 and 122.1mm were noted in the Ostrawica
and the Olza catchment, respectively (Dubicki, 1988).
The highest 5-day precipitation totals were noted at
Lysa Hora (282.8mm), at Cieszyn (207.7mm) and at
Stecowka (205.9mm).
In July 1997, continuous precipitation lasted from 3
to 4 days in the upper Odra River basin and the Nysa
Klodzka catchment. The highest precipitation occurred
in the upper Odra River basin and in eastern part of the
Nysa Klodzka catchment. The highest rainfall intensi-
ties were observed in the catchments of the Ostrawica,
the Olza, the Biala Glucholaska, the Opawa, the Biala
Ladecka and the Wilczka (Malinowska-Ma"ek, 1997).
The rainfall totals in these catchments varied from 415.3
to 616.9mm and from 316.2 to 513.0mm (Fig. 3). In the
remaining part of the Odra River basin, rainfall totals
were smaller.
In the 20th and 21st centuries several ﬂash ﬂoods
caused large local economic loss. Their unusual intensity
lead to rapid water level rises, making them very difﬁcult
to predict. In recent years an increase in the frequency of
ﬂash ﬂoods has been observed. The frequency of
occurrence of precipitation totals exceeding 100mm in
24 h has also increased. It is very dangerous both for
humans and for the economy. The ﬂood which occurred
on 29 May 1968 at Komarno deserves special emphasis
because of the effect it had. That day, in one and a half
hours, 182.6mm of rain fell (Sienkiewicz, 1968). The
amount of measured precipitation was more than 150%
of the long-term mean monthly average. On 2 August
1951 at Komorow, located in the Bystrzyca catchment,
193.4mm of rain fell in 2 h. Intensive precipitation
(164–192mm) that caused signiﬁcant economic loss was
noted in several localities on 10 August 1964 (Dubicki,
2001). In 1979 at Walbrzych and Swiebodzice, a largeﬂood was caused by 208mm of rain over several hours.
The most tragic ﬂood – in mountain creek of Bystrzyca
Dusznicka, a tributary of the Nysa Klodzka, was a
result of 5 h of intensive rainfall at night, from 22 to 23
July 1998, which varied from 172.3 to 137.6mm. Apart
from huge economic loss, 10 people lost their lives. At
the beginning of 21st century, in July 2001 and in
August 2002, large economic loss in the Odra River
basin was caused by more frequent heavy rains and local
storms (Malinowska-Ma"ek, 2001).Stages of ﬂood wave formation
The reason for the ﬂood occurrence is not only high
precipitation, but also the time of its occurrence in
different parts of the river basin, the discharge sequence
from particular catchment areas and their function in
the ﬂood wave formation.
The upper Odra River basin to the Olza mouth is the
basic source of the Odra ﬂood formation. The overlap of
waters ﬂowing away from this area in Odra River bed
determines the ﬂood range. Another substantial dis-
charge source of ﬂood waters is the left bank tributary,
the Nysa Klodzka, which has great ﬂood potential. The
overlapping of ﬂood waves of the upper Odra River and
the Nysa Klodzka causes signiﬁcant ﬂood wave
enlargement which is dangerous for the upper and
middle Odra. The discharges from water inﬂows of the
Wroclaw Water System ﬁll up the Odra River bed
causing a base for a ﬂood wave.
The most signiﬁcant ﬂooding in the Odra River can
occur when huge ﬂood waves occur on the upper Odra,
the Bobr and the Nysa Luzycka at the same time. In the
case mentioned above the ﬂood wave on the Nysa
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can be moderate. The tributaries of the middle Odra
River can also cause a ﬂood on the Odra during a
moderate ﬂood wave of the upper Odra River (1977).
The Warta does not play a signiﬁcant role in the
accumulation, even during a catastrophic ﬂood. The
Warta only inﬂuences longer term levels of high water.Impact of hydro-technical infrastructure on the
ﬂood wave ﬂow and deformation
Discharge deformation takes place because of changes
in the natural conditions as a result of planned control
by hydro-technical equipment during ﬂood water for-
mation and ﬂow. At the end of 16th century, man began
regulation works by digging the cut-off to eliminate
bends. At the end of 19th century, 12 weirs were built.
After the 1903 ﬂood, 32 weirs and 32 sluices were built
on the regulated Odra River section. Embankments and
ﬂood channels, whose aim is to draw excess water from
the urban areas at Raciborz, Kozle, Opole and Wroc-
law, were constructed (Fig. 4).
A ﬁxed element of the ﬂood protection system in the
Odra River valley is a series of 15 polders. The Odra
polders are dry reservoirs with a total capacity of 135
million m3 situated on both river banks, which are ﬁlled
during the ﬂood wave ﬂow. In addition, 24 reservoirs (8
in the Czech Republic) with a total capacity of nearly
931 million m3 (in Czech nearly 192 million m3) were
built in the Odra River basin. Their permanent ﬂood
reserve reaches 181 million m3 in the Polish part, and 65
million m3 in the Czech part of the Odra catchment. Dry
reservoirs on the Odra tributaries are used for the
reduction of maximum discharge during the ﬂood waveFig. 4. Structural ﬂood mitigation in the Odra River basin.culmination. There are 12 dry reservoirs with an
estimated total capacity of nearly 29 million m3.
After the 1997 ﬂood, within the realization frame of
‘‘Program for Odra 2006’’, ﬂood channels at Raciborz,
Opole and Wroclaw, among others, were rebuilt, and a
hydro-technical system for Kozle was developed. In
addition, 2 polders, 2 ﬂood reservoirs and 3 weirs were
built (Dubicki & Malinowska-Ma"ek, 2004). At Wroc-
law, for example, Bartoszowice weir was improved and
a new type of weir was used at Szczytniki. The
embankments were also renovated and ﬂoodplains were
cleaned. Initial works towards the construction of
Kamieniec Zabkowicki reservoir and Raciborz reservoir
commenced. The level and volume of the ﬂood wave in
the middle course of the Odra River depends on the
inﬂow from the Nysa Klodzka. The large losses can also
be caused by ﬂood waves formed on the Odra
tributaries.Characterization of the biggest ﬂoods and their
effects
The biggest 20th century ﬂoods in the Odra River
occurred in 1902, 1903, 1977, 1985 and 1997. Before
1997, the ﬂood of July 1903 was considered the greatest
ﬂood on the Odra River. Only a little smaller was the
ﬂood of 1854, which, according to the available data,
reached higher values in the middle and partly in lower
catchment area. The ﬂood of July 1997 was, judging
from observations existing to date, the highest and
exceeded all absolute maxima existing to date (Fig. 5). A
common feature of these ﬂoods was constituted by
intensive precipitation in the upper Odra River and in
the left and right tributaries of the Odra River. The
difference was only its spatial distribution during ﬂood
and its height.
The most dangerous ﬂood extension out of ﬂoods
recorded so far occurred in July 1997. Due to very high
intensity of precipitation and its prolonged character it
caused very high discharge (swell). Runoff as high as
110mm went from river basin of the upper and middle
Odra up to the Slubice cross-section. Approximately
80% of the water that fell over the area of the Nysa
Klodzka basin was discharged to rivers. For the Odra
river basin, 35–40% of precipitated water ﬂowed to the
rivers (Dubicki, 1999).
The comparison of maximum water levels during
ﬂood events in 1902, 1903, 1977, 1985 and 1997 showed
that the highest water levels on the Odra River occurred
in 1997. The absolute maximum water levels on the
Odra River were exceeded by 3–387 cm. Water levels
higher than the absolute maxima were exceeded by
2–333 cm in nearly all water gauges located on
tributaries of the upper and middle Odra. It is worth
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Fig. 5. Maximum water levels for ﬂoods in 1902, 1903, 1977, 1985, 1997 at the gauging stations of the Odra River.
Table 1. Maximum discharges for the greatest ﬂoods of the
Odra River
Gauge Qmax [m
3/s]
1902 1903 1977 1985 1997
Chalupki 776 1050 2160
Raciborz 2000
Miedonia 975 1268 3120
Kozle 3060
Opole 3170
Ujscie Nysy 2500 3540
Brzeg 3530
Olawa 1246 1410 3550
Trestno 2300 3640
Brzeg Dolny 1580 1440 3200
Malczyce 1470 1510 3100
Scinawa 1058 1987 1494 1233 3000
Glogow 1350 1200 3040
Nowa Sol 1010 2435 1498 1268 3040
Cigacice 1548 1280 3050
Nietkow 1550 1414 3100
Polecko 1009 2280 1682 1294 3200
Slubice 1120 1910 1820 1320 3000
A. Dubicki et al. / Limnologica 35 (2005) 123–131128noting that ﬂood waves with two or three peaks can
occur on the Odra River (1977, 1997 and 1902).
The highest discharges relevant to maximal water
levels of the Odra River varied in the following ranges:
2160–3640m3 s1 in 1997, 1987–2500m3 s1 in 1903,
1050–1510m3 s1 in 1985, 776–1820m3 s1 in 1977
(Table 1).
The ﬂood formation dynamics relevant to maximum
water levels on the Odra River during July 1997 ﬂood
event were characterized by times of ﬂood wave rising
up and falling. Analysis has shown that for the biggest
ﬂoods on speciﬁc part of the upper Odra River, i.e. from
Chalupki to Opole cross-sections, the periods of rising
waves were in ranges from about 50 h up to 150 h but
times of falling were from 170 h up to 360 h. A longer
periods of wave rising are determined by discharges
from main tributaries of the middle Odra River like the
Nysa Klodzka, the Bobr and the Nysa Luzycka, and
also by the process of prolonged stay of high water levels
caused by ﬂattening of the ﬂood wave. The time of the
rising and falling of the ﬂood wave grows along the
Odra River route from 144 h up to 677 h, and from 245
to 1060 h (Table 2). The prolonged stay of high water
levels is also affected by water management of retention
reservoirs. In the downstream part of the Odra River,
the longest rising time was 408 h up to 504 h.
The longer time of occurrence of the big ﬂood waves
is dangerous for hydro-technical protection infrastruc-
ture, i.e. for the embankments. On the upper part of theOdra River (from Chalupki to Opole), the longest times
of ﬂood wave occurrences were deﬁned as 23–24 days,
and the shortest as 11–14 days. On the middle part of
the Odra River, from mouth of the Nysa Luzycka to
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Table 2. Rising (RT) and falling time (FT) in hours for the greatest ﬂood waves of the Odra River
Gauge 1902 1903 1977a 1985 1997
RT FT RT FT RT FT RT FT RT FT
Chalupki 162 448 130 444 114 366 58 408 92a 197a
Raciborz 169 407 120 432
Miedonia 112 356 68 390 108a 221a
Kozle 168 384 145 432 148 320 96 352 108a 204a
Opole 192 312 132 432 142 302 124 336 132a 192a
Ujscie Nysy 202 624 178 456 140 322 144 528 120 744
Brzeg 211 600 168 456 142 314 204 538 120 740
Olawa 214 576 168 432 144 310 144 548 159 798
Trestno 192 624 216 408 168 260 180 456 144 677
Brzeg Dolny 246 576 228 372 192 266 180 420 174 740
Malczyce 205 576 240 384 198 268 186 492 282 736
Scinawa 223 600 228 384 214 254 216 476 288 1050
Glogow 259 576 228 384 220 246 192 545 284 1060
Nowa Sol 299 600 232 372 216 246 208 480 288 1056
Cigacice 277 552 205 408 228 275 208 492 332 1015
Nietkow 267 528 240 396 212 256 312 576 288 1039
Polecko 325 552 240 372 264 262 300 658 408 915
Slubice 349 564 218 408 260 268 312 648 504 792
a1st ﬂood wave.
Fig. 6. Flood wave duration at the gauging stations of the Odra River.
A. Dubicki et al. / Limnologica 35 (2005) 123–131 129Slubice, the time of stay of high water level was
considerably longer and amounted to a period from 26
to 56 days (Fig. 6).
The time of the ﬂood wave peak ﬂow, being a result of
decline of the river bed and value of the land surface
area, varied from 47 h up to 77 h on the section of the
Odra River from Chalupki to Opole. The same processof wave peak ﬂow during 1997 ﬂood on the Odra section
from mouth of the Nysa Luzycka to Slubice lasted
357 h. For the same ﬂood event (1997), the time of wave
peak ﬂow on section between Chalupki to Slubice came
to 19 days (456 h).
The volume of ﬂood waves is an important character-
istic in ﬂood protection management. The highest
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determined for gauges at Nowa Sol and Polecko, and
amounted to 4.569 billion m3 and 6.226 billion m3
respectively, while the lowest were in 1985 – 1.753
and 1.518 billion m3, respectively, also in the year 1902 –
1.214 and 1.386 billion m3, respectively.Conclusion1. In the area of the basin of upper and middle Odra
River, the formation and occurrence of all types of
ﬂoods are affected by different conditions, i.e.:
meteorological, topographical, pattern of river net-
work and shape of the catchment.2. The biggest and most extensive ﬂoods were caused
by prolonged heavy rains lasting a minimum of 2–3
days, and during local very intensive storm rains
lasting from several to a dozen or so hours (ﬂash
ﬂoods).3. It used to be a norm that very intensive precipitation
occurred when humid and warm tropical air masses
came into contact with cold and humid arctic masses
from a NW direction over central area of West
Beskid and massifs of Jesennik and Snieznik.4. The run-off concentric system of upper Odra River
basin causes the discharge swell of ﬂood waters in
valleys surrounded with mountains at all sides. The
times of occurrence of the Odra ﬂood waves came to
from several up to 56 days of in section down of
Bobr mouth.5. At the water knots formed by Odra River on mouths
of its tributaries; Olza, Nysa Klodzka, Bystrzyca,
Sleza, Olawa and Widawa, and also Bobr and Nysa
Luzycka, the swell of the ﬂood waves occurs both
with peaks and volumes.6. During the ﬂood wave ﬂow along the Odra River
bed, the wave was subject to the process of
ﬂattening, and the mitigation of the peak rise was
caused by ﬂooding the polders where part of ﬂood
waters were supplied and temporarily stored.7. Retention reservoirs play a substantial role in the
process of steering the Odra ﬂood waves and
decreasing the maximum discharge.8. The time of formation and rise of the ﬂood waves
was the shortest on upper section of the Odra River.
Then it increased along with the decrease of the river
bed slope and the widening of the ﬂoodplain and
also affected the inﬂow of the last large left bank
tributaries; the Bobr River and Nysa Luzycka River
to the Odra River.9. The length of the Odra ﬂood waves ranged from
several to 56 days in the section below the mouth of
the Bobr.10. For the biggest ﬂood of July 1997, the time of
wave peak ﬂow was also the longest, and insection between Chalupki and Slubice amounted to
19 days.11. Considerable economic damage is also caused by
local ﬂoods, particularly by ﬂash ﬂoods.References
Bachman, C. (1903). Die Talsperrenanlage bei Marklissa am
Queis, Leipzig-Sto¨tteritz.
Dubicki, A. (1972). Przebieg wezbrania w lipcu 1970 roku w
dorzeczu Odry. In Powo´dz´ w lipcu 1970 roku. Monograﬁa:
Warszawa.
Dubicki, A. (1975). Charakterystyka hydrologiczna wezbrania
w sierpniu 1972 roku w zlewni go´rnej Odry. In Powo´dz´ w
sierpniu 1972 roku. Monograﬁa: Warszawa.
Dubicki, A. (1979). Charakterystyka przyczyn, przebiegu i
wielkos´ci powodzi w 1977 roku na obszarze go´rnego i
s´rodkowego dorzecza Odry. In Powo´dz´ w 1977 roku i jej
skutki na Dolnym S´la˛sku (pp. 27–40). Wroc"aw: Polska
Akademia Nauk Oddzia" we Wroc"awiu.
Dubicki, A. (1988). Sytuacja hydrologiczno-meteorologiczna,
przebieg i rozmiary powodzi w sierpniu 1985 roku. In
Monografia powodzi 1985 roku na rzece go´rnej Odrze,
Opole.
Dubicki, A. (1993). Charakterystyka hydrologiczna. In Gos-
podarowanie Zasobami Wodnymi Dorzecza Go´rnej i S´rod-
kowej Odry (pp. 31–42). Wroc"aw: Regionalny Zarza˛d
Gospodarki Wodnej.
Dubicki, A. (1999). Analiza maksymalnych stano´w i przep"y-
wo´w wody. In A. Dubicki, H. S"ota, & J. Zielin´ski (Eds.),
Dorzecze Odry, Monografia powodzi lipiec 1997 (pp.
89–114). Warszawa: Instytut Meteorologii i Gospodarki
Wodnej.
Dubicki, A. (2000). Zagroz˙enia powodziowe w Sudetach –
meteorologiczne i hydrologiczne aspekty formowania sie˛
wezbran´. Zeszyty Naukowe Akademii Rolniczej we Wroc!a-
wiu. Nr 387, Konferencje,, XXVII, 11–33.
Dubicki, A. (2001). Katastrofalne opady deszczu w wybranych
obszarach Sudeto´w i ich przedpolu. In Dynamika obiegu
wody w zlewniach rzecznych (pp. 77–91). Warszawa: Polskie
Towarzystwo Geoﬁzyczne. Instytut Meteorologii i Gospo-
darki Wodnej.
Dubicki, A., & Malinowska-Ma"ek, J. (2004). Wp"yw jakos´ci
prognoz hydrologicznych na stan ochrony przed powodzia˛.
In Mie˛dzynarodowa Konferencja. Problemy Ochrony przed
powodzia˛ Pragi i Wroc!awia (pp. 23–35). Wroc"aw: Wy-
dawnictwo Akademii Rolniczej we Wroc"awiu.
Fischer, K. (1905/07). Sommer Hochwasser der Oder von 1813
bis 1903, Jahrbuch fu¨r die Gewa¨sserkunde Norddeutschland.
Berlin: Besondere Mitteilungen.
Girgus´, R., & Strupczewski, W. (1965). Wyja˛tki ze z´ro´de!
historycznych o nadzwyczajnych zjawiskach hydrologiczno-
meteorologicznych na ziemiach polskich w wiekach od X do
XVI. Warszawa: Wydawnictwo Komunikacji i Ła˛cznos´ci.
G"owicki, B. (1979). Intensywnos´c´ opado´w w Sudetach w
okresie powodzi w sierpniu 1977 roku. In Powo´dz´ w 1977
roku i jej skutki na Dolnym S´la˛sku (pp. 41–47). Wroc"aw:
Polska Akademia Nauk Oddzia" we Wroc"awiu.
ARTICLE IN PRESS
A. Dubicki et al. / Limnologica 35 (2005) 123–131 131Lambor, J. (1962). Metody prognoz hydrologicznych. Warsza-
wa: Wydawnictwo Komunikacji i Ła˛cznos´ci.
Malinowska-Ma"ek, J. (1997). Powo´dz´ w lipcu 1997 w
dorzeczu Odry. Gaz. Obserw. IMGW 46 nr, 6, 12–17.
Malinowska-Ma"ek, J. (2001). Wezbrania w lipcu 2001 roku.
Entstehung und Verlauf des Oderhochwassers im Sommer
2001. Fachbeitra¨ge des Landesumweltamtes. Titelreihe Heft
Nr. 66. Frankfurt (Oder), im November 2001.Or"owska, E. (1979). Poro´wnanie przebiegu i skutko´w
gwa"townego wezbrania wo´d w Karkonoszach latem 1897
i 1977 roku. In Powo´dz´ w 1977 roku i jej skutki na Dolnym
S´la˛sku (pp. 79–83). Wroc"aw: Polska Akademia Nauk
Oddzia" we Wroc"awiu.
Sienkiewicz, R. (1968). Przyczyny i skutki wyste˛powania
opadu w Komarnie w dniu 29 maja 1968 r. Gaz. Obserw.
PIHM nr, 11, 10–12.
